Purpose Pre-operative donation of autologous blood has been widely used in elective joint replacement procedures to avoid the risks of allogeneic blood transfusions. However, the high percentage of wasted autologous blood questions the general efficacy of pre-operative autologous blood donation (PABD) for all patients undergoing hip replacement. This study prospectively investigates the impact of a targeted pre-operative autologous blood donation protocol for anaemic patients on allogeneic and overall transfusion rates in 2,350 unilateral primary total hip arthroplasty procedures. Methods Patients with pre-operative haemoglobin less than 12.5 g/dL were advised to donate one unit of autologous blood seven to 15 days prior to the date of surgery. The targeted protocol was followed by 2,251 patients: 280 out of 367 anaemic patients donated while 1,971 out of 1,983 nonanaemic patients did not donate. Results Results showed a significantly lower rate of allogeneic transfusion for anaemic patients who predonated than anaemic patients who did not (13 % vs. 37 % respectively, p<0.001). Overall transfusion rates for patients who followed the protocol (n=2,251) were found to be 0.17 units/patient compared to previously reported numbers of 0.75 units/patient when routine donation was used. Among the 2,251 patients who followed the protocol, only 140 patients (6 %) had their autologous blood wasted, in contrast to values reported in the literature ranging from 14 % up to 50 %. Conclusions Targeted PABD reduces the need for allogeneic blood transfusion in anaemic patients and significantly reduces the overall number of transfusions compared to routine pre-operative autologous donation.
Introduction
Pre-operative donation of autologous blood has been widely used in elective orthopaedic surgeries to avoid the risks of allogeneic blood transfusions. Inherent risks of allogeneic blood include the risk of transfusion reactions, infection transmission, as well as a higher risk of postoperative infections and complications attributed to transfusion-related immunomodulation [1, 2] . The high percentage of wasted autologous blood questions the general efficacy of pre-operative autologous blood donation (PABD) [3, 4] . Wastage rates up to 50 % have been reported in a previous study involving 9,482 patients undergoing total joint arthroplasty [5] .
The role of pre-operative haemoglobin (Hb) in estimating transfusion needs has been established in several studies [3, [6] [7] [8] . Blood management strategies rely on optimization of pre-operative haemoglobin levels through iron supplementation with or without erythropoietin, hypotensive anaesthesia, blood salvage, pharmacologic agents, as well as pre-operative autologous blood donation [9] [10] [11] [12] [13] [14] . Patients with haemoglobin above 13 g/dL have a transfusion risk five times lower than those in the 11-13 g/dL range and are associated with the highest percentage of wasted autologous blood [15] . A previous study from our centre comparing routine PABD for all patients to a control group revealed that while PABD reduces the allogeneic blood exposure for anaemic patients, it has no effect in non-anaemic patients [16] . Subsequently, targeted autologous blood donation based on pre-operative haemoglobin levels was introduced at the authors' institution.
The present study aims to compare targeted autologous blood donation to the previously reported protocol of routine PABD for all patients by answering the following questions: (1) What is the incidence of allogeneic blood transfusion in non-anaemic patients when pre-operative donation is abandoned? (2) Is autologous blood donation effective in anaemic patients? (3) What is the impact of targeted blood donation on overall transfusion rates? Patients were divided by pre-operative haemoglobin level, utilizing 12.5 g/dL as a cutoff. Although the World Health Organization defines anaemia differently for males and females (less than 13 g/dL and 12 g/dL, respectively), this threshold was based on previous data from our institution showing significantly less benefit from autologous blood donation and more units wasted with haemoglobin values greater than 12.5 g/dL [8] . Patients with a hemoglobin level of 12.5 g/ dL or more were considered non-anaemic and were not asked to donate blood prior to surgery. Patients with a pre-operative haemoglobin level less than 12.5 g/dL were advised to donate one unit of autologous blood. Patients were asked to donate seven to-15 days prior to the date of surgery, and no patient was allowed to donate less than seven days prior to the procedure. Gender, age, BMI, pre-operative Hb, date of preoperative Hb measurement, date of autologous blood donation, number of autologous transfusions, number of allogeneic transfusions, time of transfusion, postoperative Hb levels until date of discharge, and in-house complications were recorded. Patients with bleeding disorders were excluded and patients whose actual blood management deviated from the standard protocol were analysed as separate groups.
Materials and methods

Prospectively
Of 367 (16 %) total hip arthroplasty (THA) procedures performed in anaemic patients, 280 (76 %) followed the protocol and donated one unit of autologous blood (group A), while 87 (24 %) chose not to donate (group B). Patients in the anaemic groups A and B had a mean pre-operative haemoglobin level of 11.7 g/dL and 11.5 g/dL, respectively. Of 1,983 procedures performed in non-anaemic patients, preoperative donation of an autologous unit took place in 12 cases (1 %) (group C), while 1,971 (99 %) followed protocol by not donating (group D). The mean pre-operative Hb for the non-anaemic patients was 13.4 g/dL and 14.1 g/ dL for groups C and D, respectively. Patients received one allogeneic transfusion if their haemoglobin level dropped below 8.0 g/dL and the patient displayed clinical symptoms of anaemia (tachycardia and/or hypotension) despite intravenous fluid boluses. The decision to transfuse autologous blood was made at the discretion of the anaesthesiologist and medical attending, and strict transfusion guidelines were not enforced for the administration of autologous blood (Fig. 1) .
All four groups were similar in terms of age and BMI (Table 1) . Groups A and D represent the targeted blood centre algorithm. Overall, 2,251 total hip arthroplasties (96 %) followed the protocol while 99 (4 %) did not.
No patient with a haemoglobin level less than 10 g/dL donated, and such patients usually have their procedures . A p-value of less than 0.05 was considered statistically significant. No patients elected to drop out of the study at any time (Table 1) .
Results
Over the three-year study period an increasing number of patients were enrolled by the Blood Preservation Center (Fig. 2) . Significant variability could be observed among the different surgeons' tendency to refer their patients to the Blood Preservation Center (Fig. 3) .
Autologous blood donation significantly reduced the need for allogeneic blood in anaemic patients (13 % group A vs. 37 % group B; p<0.001). Although it did increase overall transfusion rates among the patients who donated, the difference was not statistically significant (0.66/patient group A vs. 0.54/patient group B; p=0.27). The allogeneic transfusion rate for non-anaemic patients in group D was low (8 %). Only 12 non-anaemic patients donated autologous blood (group C) and none of them required allogeneic blood (Table 2 ).
Anaemic patients in groups A and B had similar discharge haemoglobin levels of 9.4 g/dL (range: 7.4 to 11.6 g/dL), with an average drop of 2.3 g/dL and 2.1 g/dL from pre-operative levels, respectively. In contrast, non-anaemic patients displayed an average drop in hemoglobin of 3.5 g/dL and were discharged with an average hemoglobin level of 10.6 g/dL (range: 8.4 to 14.5) g/dL). No significant difference in length of stay was detected between the different groups.
Discussion
Pre-operative autologous blood donation is appealing because it reduces the risk associated with allogeneic blood transfusions [11] . It has also been stipulated to precede surgical blood loss as a trigger for reticulocytosis [17] . However, the high percentage of wasted autologous blood in primary total joint arthroplasty has led surgeons to question its efficacy. A Cochrane review evaluated pre-operative donation in different surgical disciplines including orthopaedic procedures. The study revealed a 68 % reduction in exposure to allogeneic blood in the PABD group at the expense of a 24 % higher overall transfusion rate (allogeneic and/or autologous) [18] . This has been attributed to donation-induced anaemia as well as a tendency to transfuse autologous blood more liberally. The Orthopedic Surgery Transfusion Hemoglobin European Overview (OSTHEO) study examined transfusion practices involving 2,640 total hip and 1,305 total knee arthroplasty patients (including primary unilateral and bilateral procedures as well as revisions). Of the 49 % of patients who participated in PABD, 13 % subsequently received allogeneic transfusions [12] .
The current study has a number of limitations. Strict transfusion guidelines were not enforced for autologous blood transfusions. The increase in blood volume during hypotensive anaesthesia likely has an effect on postoperative hemoglobin levels and might account for higher than expected transfusion rates in non-anaemic patients. Moreover, although the same surgical technique was used, the fact that multiple surgeons contributed to the patient series remains a possible source of bias.
Pre-operative haemoglobin levels are an important predictor for postoperative transfusion requirements [19] . Keating et al. showed that the application of a universal autologous donation protocol in patients with a haemoglobin greater than 13 g/dL resulted in 66 % of the blood being wasted [8] . Potential complications of autologous blood include bacterial contamination, febrile non-hemolytic transfusion reactions, and technical or clerical errors with the handling of samples. The benefit of PABD for non-anaemic patients undergoing primary unilateral total hip replacement has been questioned in the literature [16, 20, 21] . In light of the fact that the cost of donating, storing, and transfusing autologous blood is similar to that of allogeneic blood, the cost-efficacy of PABD is primarily a function of the number of units discarded [22] .
In a previously published study, our centre compared overall transfusion rates between a routine PABD group and control group in which no patient donated, reporting 0.75 transfusions per patient versus 0.22, respectively [16] . The PABD group had a significantly higher overall transfusion rate. However, 11.8 % of the anaemic patients (Hb≤12.5 g/ dL) who donated autologous units received allogeneic blood transfusions, as opposed to 52.6 % of anaemic patients who did not donate. The study suggested maximizing the benefit and minimizing the cost of PABD by offering it to anaemic patients only. The present study supports these recommendations by showing that the implementation of target blood management is feasible in the private practice environment, although it is largely influenced by the surgeon's dedication to enroll patients during the initial visit in the office. Ideally, preoperative patient screening and autologous blood donation are handled independently of the surgeon's office by the hospital as part of the routine pre-operative medical examination. The average transfusion per patient (autologous and allogeneic) for the groups that followed the protocol (groups A and D) was found to be 0.17 while the previously reported number was 0.75 with routine PABD for all patients. Among 2,251 patients who followed the protocol, only 140 patients (6 %) had their autologous blood wasted. This compares well to values reported in the literature ranging from 14 % [12] up to 50 % [5] (Fig. 3) . The overall transfusion rate in non-anaemic patients might be rather high compared to the literature suggesting that hypotensive anaesthesia has an impact on transfusion rates [15, 16] . In fact, Hb levels used as transfusion triggers were likely affected by the fluids administered intra-operatively to stabilize the blood pressure during hypotensive anaesthesia.
The results of the present study support the use of targeted autologous blood donation in patients undergoing primary THA. Several blood management modalities are available for use in total hip arthroplasty. Selecting patients at highest risk for postoperative transfusion maximizes the efficacy of pre-operative blood donation and significantly reduces the overall number of transfusions as well as the number of autologous units wasted as compared to a routine predonation protocol for all patients. Targeted PABD effectively reduces the need for allogeneic blood transfusion in anaemic patients.
